The annual genetic trend for milk yield of Holsteins in the United States has accelerated with time and had means of 37 kg during the 1960s, 79 kg during the 1970s, 102 kg during the 1980s, and 116 kg from 1990 to 1996. Selection programs of the dairy cattle breeding firms in the United States have become more selective and effective with time, and selection goals continue to place major emphasis on yield traits, which clearly impact profitability of dairying. Traits other than yield are also included in selection goals of the industry. Type traits, especially those related to udder conformation, body size, and angularity have been included in selection programs and have altered the appearance and physiological functions of Holstein cows. Selection programs have continued to increase the body size of Holsteins despite mounting evidence that smaller cows have advantages for survival and efficiency. Favorable emphasis on cows that appear sharper might result in cows that are more prone to metabolic problems. The high intensity of current selection in the United States has brought about a rapid increase in genetic relationships among animals. Increased relationships will inevitably result in undesirable levels of inbreeding in the commercial cow population unless dairy producers turn to crossbreeding. (Key words: genetic improvement, milk yield, body size, inbreeding) Abbreviation key: SCS = somatic cell score.
INTRODUCTION
Included in the titles of several of the papers in this symposium is the wording, "Effect of selection for milk yield...," which might imply that selection of dairy cattle has been exclusively for milk yield. Although selection for yield traits has received primary emphasis in the selection goals of dairy breeds in the United States, substantial emphasis has been placed on other traits, too. Many of these nonyield traits are related to the outward appearance of cows, including 1) overall conformation or "type," 2) udder composite, which is an index of type traits of the udder, 3) body size, including stature (height), strength (chest width), and body depth, 4) angularity, and 5) feet and legs. Type traits have been included in improvement programs of dairy cattle since early in the 20th century. More recent additions to the list of nonyield traits include 1) somatic cell score (SCS) as an indicator of mastitis, and 2) productive life, which measures actual time in the dairy herd and, is, therefore, a composite of yield, reproduction, health, and functionality of dairy cows.
The annual genetic trend for milk yield has been estimated by the Animal Improvement Programs Laboratory of the USDA, and is available at their web site (http://aipl.arsusda.gov). The genetic trend for Holsteins had a mean of 37 kg/yr during the 1960s, 79 kg/ yr during the 1970s, 102 kg/yr during the 1980s, and 116 kg/yr for the period from 1990 to 1996. This paper will review responses to selection with dairy cattle, specifically Holsteins, and possible consequences of selection programs on dairy cows of today and in the future. Because US Holsteins are replacing native populations of dairy cows globally, the consequences of selection programs in the United States have international implications.
DISCUSSION

Selection for Milk Yield
The University of Minnesota initiated a designed study of yield selection in 1964 that included a control line (7) . The study continues at the Southern Research and Outreach Center, Waseca, Minnesota, and correlated responses to selection for yield traits have periodically been reported (1, 7, 8) . During 1964, a base population of cows was divided in two by pairing individual cows as closely as possible according to age, sire, and producing ability to form two lines of cows of equivalent genetic merit for milk yield. Since that time, cows in the selection line have been mated each year to the four highest bulls for PTA for yield from the summer sire evaluations of the USDA. In the early years of the study, the yield trait was milk (kg), and sires were required to have at least 60% reliability of the PTA for the sire to be considered. In later years, the yield criterion was altered to protein (kg) and sires were required to have at least 70% reliability of the PTA following the change to animal model evaluations by USDA.
Mates for cows in the control line were 20 sires selected to be reliably near the mean for PTA for milk (kg) in 1964. For each sire, 500 units of frozen semen were purchased and stored. When supplies of semen dwindled from the original 20 sires for the control line, semen was collected and frozen for three sons, in most instances, of the original 20 sires. Sons of the 20 original sires were out of cows from the control line and, consequently, had pedigrees stacked with many generations of the 20 original sires. The only thing that differed for the care and management of cows in the selection and control lines was the semen used to inseminate them. Coefficients of inbreeding were not allowed to surpass 6.25% when cows were mated in either line. Table 1 shows the November 1998 rolling herd averages from DHI for the two lines. Following 34 yr of selection, cows in the selection line had yield advantages over cows in the control line of approximately 4500 kg of milk, 150 kg of fat, and 135 kg of protein.
Interestingly, means for percentages of fat and protein were not dramatically different for the lines, nor were means for SCS; however, cows in the selection line had greater effect of dilution on SCS. Boettcher et al. (1) plotted the mean EBV for milk of cows in the two lines and found that mean EBV of the control line was nearly constant across years, whereas the selection line had a continual increase with time, as anticipated.
Correlated Responses to Selection
From 1983 to 1989, lactating cows in the selection and control lines were compared for type traits. Cows in the selection line had higher means than cows in the control line for most type traits ( Table 2) . Results of the most recent classification of the cows in the two lines are also in Table 2 and suggest that the differences of lines have increased for most type traits since the earlier estimates. Cows in the selection line are taller, stronger, and deeper. Selection cows also have a much more dairy-like appearance and much improved rear udders and udder cleft. (Table 3) . Mean health costs during first lactation totaled $65 for cows in the selection line and $40 for cows in the control line. Lactational means for lactations one to five were $107 for the selection line and $58 for the control line. Among numerous categories of health care costs, mastitis treatment (excluding discarded milk) explained the majority of differences of the lines. In fact, no other individual category of health care cost was significantly different for the two lines except for edema during first lactation and feet and legs for both first lactations and lactations 1 to 5.
An interesting dimension of the study of Jones et al. (8) was the blocking of years to detect trends with time. Table 4 shows differences of lactational means for health care costs during lactations 1 to 5 by blocks of years. Although mastitis was significantly different for the lines, there was no significant increase in the difference of lines with time. Conversely, the health categories of digestion, ketosis, and reproduction (treatment, not breeding) were not significantly different for the lines, but the differences of the lines increased significantly during the course of the study. The improvement Boettcher et al. (1) . All nonzero estimates were significantly different from zero (P < 0.01). in udder conformation described earlier might explain why mastitis costs did not increase during the time of the study. On the other hand, the increase of differences for lines for digestion (mostly displaced abomasums), ketosis, and reproduction suggest that continued selection of dairy cattle might be leading to additional health problems for dairy cows. Specifically, the increase in digestive problems (displaced abomasums) might be a response to the increased body dimensions of cows in the selection line with time. Mahoney et al. (9) reported that larger cows are more predisposed to displaced abomasum than small cows. Furthermore, an increase in ketosis with time might result from the continued selection for cows that have a more angular appearance (11) . A mystery is why sharpness as an indicator of milk yield is included in selection indexes, as contributing to final score, when yield traits already receive the majority of weight in the indexes. Why select for cows that milk more, but also look like they milk more? Emphasis on angularity in addition to yield traits might result in cows more predisposed to metabolic problems. 
Body Size of Cows
The first true-type model for the Holstein cow was developed in 1922 and served as a guide for the breed until 1977, when an updated true-type model was endorsed (10) . The revised true-type model had a much more angular appearance, was much taller at the withers (145 cm), much heavier (725 kg), noticeably taller in the front relative to the rear of the cow, and much shallower in the udder, which was held completely above the base of the hocks. The ideal Holstein cow promoted by the Holstein Association USA since 1977 has been significantly larger and sharper than previously.
In 1966, yet another designed selection experiment was initiated at the University of Minnesota, this time at the Northwest Research and Outreach Center, Crookston, MN (9) . Once again, a foundation population of cows was paired to develop two base populations for genetic lines. Through successive generations, cows in the two lines were managed together and alike except for service sires. One line was bred to sires predicted to transmit large body size, and the other line was bred to sires predicted to transmit small body size. Service sires were selected once per year from the summer sire evaluations of USDA and the Holstein Association USA and were restricted to those sires among the top 50% of active AI sires for PTA for yield. The yield trait was altered over time to reflect prevailing selection goals; initially, the trait was milk yield with a 70% minimum for reliability, but currently the trait is protein yield with a minimum reliability of 80%. Otherwise, all selection was for body size with an index of standardized PTA: 2(stature) + strength + body depth. Each year, the three bulls with the highest size index were mated to cows in the large line, and the three bulls with the lowest size index were mated to cows in the small line.
Cows born in the two lines from 1983 to 1994 were summarized (4), and body weights of cows within the small line did not differ with time and had means for postpartum body weight of 558 kg (first calving), 596 kg (second calving), and 641 kg (third calving). Because of substantial emphasis on increased body size in the Holstein breed, cows in the small line at Crookston has become, in effect, a control line for constant body size with time. Cows in the small line probably resemble the body dimensions and body size of the true-type model for the Holstein cow from 1922 to 1977.
On the other hand, cows in the large line had significantly larger body weights with time and had means for postpartum body weight of 609 kg (first calving), 664 kg (second calving), and 720 kg (third calving). The difference between lines was significant for all three parities and the difference significantly increased with parity-the difference in postpartum body weight was 52 kg after first calving, 70 kg after second calving, and 88 kg after third calving. Numerous cows in the large line have surpassed 900 kg at dry off. Milk, fat, and protein yields did not differ significantly for the body size lines (4).
The same study (4) examined herd life and reported that cows in the small line had productive lives that were significantly longer by 88 d (15.4%) than cows in the large line. Stall sizes were more than sufficient for the large cows. Furthermore, cows in the large line were expected to have higher feed costs for maintenance than cows in the small line; therefore, cows in the small line were more efficient producers of milk and had greater ability to stay in the herd. Seemingly, only traits that improve efficiency of milk yield should be included in selection goals. Why do US selection programs continue to place a premium on high-scoring cows that are larger? Continued selection for larger body size of Holsteins in the US might not be economically justifiable.
Cow Fertility
A quotation that might fittingly describe the feelings of most dairy producers in 1999 regarding fertility of dairy cows follows.
In recent years the opinion has been held by a large number of dairymen that difficulties with breeding accompany high milk production. Dairymen have had the impression that difficulties with breeding have increased in recent years. As the level of production has also increased during the same interval, the conclusion has been drawn that the two bear the relation of cause and effect. from 120 to 225 kg, but cow fertility was not adversely affected. Dairy producer frustration with reproduction in general, and poor reproduction of single high-producing cows in particular, was Eckles' explanation for the assumption of many dairy producers that higher yielding cows have decreased fertility.
Ample evidence exists for genetic antagonism of milk yield and fertility (5); however, the heritabilities for measures of cow fertility have historically been very low-3% or less. The majority of variation in cow fertility (>97%) is due to factors other than genetics. Perhaps dairy producers are more enthusiastic to improving herd management to increase milk yield than they are to improve herd management for cow fertility. Antagonism between milk yield and fertility is probably exaggerated because of frustration with high producing cows that do not readily become pregnant. A good piece of news on the topic of cow fertility is that selection for milk yield appears to result in improved fertility of virgin heifers (6) .
Genetic Diversity
Selection within a population of finite size inevitably results in an increase in genetic relationship among individuals in the population (3). Because of AI in dairy cattle, individual sires are permitted to have an incredible impact on a breed. Individual sires have had over 50,000 daughters and 500 sons that entered progeny test. Van Tassel and Van Vleck (12) estimated that 50% of genetic improvement in dairy cattle is accounted for solely by the selection of sires of sons for progeny testing. Furthermore, the dams of sons for progeny testing are usually daughters of the previous generation of sires of sons. Without doubt, efforts to genetically improve Holsteins in the United States have been highly effective. As relationships accumulate, genetic diversity is diminished. Producers and geneticists of other farm animal species show much more concern about genetic diversity than do dairy producers and geneticists.
The coefficient of inbreeding measures the percentage of genes of an individual that are identical by descent (3). With random mating, inbreeding increases as relationship increases within a population. Of course, intentional mating of individuals that are least related within a breed would lower levels of inbreeding, but knowledge of parentage is necessary for mating by pedigree to occur. As mean relationship continues to rise, inbreeding becomes increasingly difficult to avoid, even if parentage is known.
Inbreeding depression tends to have the greatest impact on traits expressed early in life (14) . For dairy cattle, traits most affected include calf liveability, growth rate, susceptibility to disease, and fertility. Ef- fects on yield traits, type traits, and mature body size are not as pronounced (14) . Table 5 shows estimates and relationships of inbreeding for the Holstein breed for birth years of females from 1970 to 1990 (13) . Expected inbreeding results from random mating of males and females (3) . Realized inbreeding did not depart greatly from expected inbreeding for the years examined. The increases in relationship and expected inbreeding are essentially linear, and the predictions for the birth years of 2000, 2010, and 2020 were extrapolated assuming continued linear increases. At some point, these estimates and predictions should draw attention. Table 6 shows the most influential male ancestors of the Holstein breed for the same years reviewed in Table 5 . Prior to 1982, no sire surpassed 10% relationship to the breed, and the most influential sires tended to settle in at 5 to 8% relationship to the breed. Table 7 is a continuation of Table 6 , with sires added that surpassed a 5% threshold for relationship to the breed. For 1982, two sires surpassed 10% relationship to the breed-Ivanhoe, which later leveled off with a 8 to 9% relationship to the breed for 1990, and Elevation, which continued to accumulate additional relationship with the breed in 1990. Chief had a 12.3% relationship to the breed in 1990, the highest relationship found for a male ancestor during any of the 4 yr of birth that were studied (13). The Animal Improvement Programs Laboratory of USDA recently began providing an estimate of expected future inbreeding of daughters of sires. The comparison population is 600 random females from USDA data files that were born 3 yr earlier; so, for 1999, the expected future inbreeding is relative to 600 random females born during 1996. Pedigrees in USDA data files go back to approximately the 1960s. Doubling of expected future inbreeding should give a good approximation of relationship to the breed. Table 7 shows the relationship of the highest impact bulls born in the past 50 yr plus some sires that were major sires of sons during the past 15 yr. The relationship of Chief to the breed has continued to increase; however, a more alarming factor might be the large number of sires surpassing 10% relationship to the breed. Table 8 shows the sires with highest relationships to the breed of sires currently in the top 25 for the TypeProduction Index of Holstein Association USA and the Net Merit index of USDA. Most, if not all, of these sires will be major sires of sons for progeny testing. Each sire has at least a 9% relationship to the breed, and this is prior to any impact it may have as the sire or grandsire of highly rated descendents. This sort of relationship of sires of sons to the breed is unprecedented.
What is being done to slow increases in relationship within the Holstein breed? Very little is the answer. Emphasis on parent averages for PTA when selecting young bulls to enter progeny testing has probably reached the point of overkill; however, competition for short-term survival of individual AI organizations is being emphasized instead of stewardship for long-term benefits to genetic improvement. At some point, the increase in relationships will catch the attention of all people affected by genetics of dairy cattle. In the meantime, dairy producers should accurately identify animals, including accurate parent identification, so that close inbreeding (inbreeding coefficients > 6.25%) can be avoided. Calculation of inbreeding coefficients is tedious and is best done by a computer. If relationships continue to rise unabated into the future, then dairy producers should become open minded about potential benefits of crossbreeding. In particular, Holsteins and Jerseys seem to be well suited to compensate for the weaknesses of the other breed, respectively.
SUMMARY
The genetic trend for increased milk yield is currently about 115 kg/yr. Despite this incredible genetic trend for yield, udder conformation continues to improve. Holsteins in the United States are also becoming much larger for body size and much more angular in appearance.
Genetic improvement for milk yield has likely resulted in some real, but exaggerated, negative effects on cow reproduction. Genetic control of cow fertility is extremely low; therefore, environmental factors must be emphasized to overcome antagonism of yield and fertility. Management practices to improve cow fertility should be implemented when cow fertility is below average.
Accumulation of genetic relationships within Holsteins has continued to the point that concern is war- ranted. Continued increase of relationships might result in crossbreeding becoming routine for dairy cattle, as it is for most other food-producing animals.
